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2012.09.0Abstract Dakhla Oasis is located in the heart of the Western Desert of Egypt 190 km to the West
of the Kharga Oasis where it contains highly fertile lands rich in water and it supports a higher pop-
ulation compared to the Kharga Oasis. The study area is mainly concentrated in the Rashda village
where Well No. 3 Irrigation District is located to the northwest of the village.
Satellite imageries of Landsat Thematic Mapper (TM) 1972 and 1984, Landsat Enhanced
Thematic Mapper (ETM+) 1988, and Shuttle Radar Topography Mission (SRTM) 2000 were used
to determine the change in landuse and change in elevation with its relation to landuse. The auto-
mated unsupervised classiﬁcation technique was applied to delineate the different landuse classes.
Landsat – 5/TM and Landsat – 7/ETM+ images in the period between 2001 and 2010 have been
used to study crop rotation at the Rashda village to detect the amount of vegetation cover and its
condition in the Well No.3 district.
The land use change analysis showed that the extension of cultivated land was already completed
by the 1980s in the North and South subdistricts, after which it spread toward the West. Because the
altitude in the West subdistrict is lower than the wells, irrigation water could be distributed ade-
quately if the condition of the irrigation channel was well maintained. The relationship between
the irrigation level and plant production was not favorable in the West compared with otherngineering Applications and
r Remote Sensing and Space
l-Gedida, P.O. Box 1564, Alf
(S.F. Elbeih).
tional Authority for Remote
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186 H. Kato et al.subdistricts. The cultivated area in the West district has been increasing since the 1970s. According
to the crop rotation analysis, the different productivity of the subdistricts was caused by several fac-
tors, including the land altitude and the distance from the well, as well as other factors such as social
relationships in the village.
 2012 National Authority for Remote Sensing and Space Sciences.
Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Dakhla Oasis is located in the heart of the Western Desert of
Egypt between latitudes 28 300 and 29 220 East and longitudes
25 290 and 25 550 North. It is 190 km to theWest of theKharga
Oasis where it extends 155 km from the Teneida village in the
east to the Mawhoob village in the West with an area suitable
for agriculture of about 155 km long and 60 km wide. It
contains highly fertile lands and is rich in water and it supports
a higher population compared to the Kharga Oasis.
Rashda is one of the villages located in the Dakhla Oasis
where an interdisciplinary research has been conducted in this
village since 2005 (Kato and Iwasaki, 2008; Kato et al., 2010).
This paper aims to provide some analysis based on satellite
data that focuses on land use, topography and crop rotation
system. The following paragraphs summarize the previous
ﬁndings on the irrigation and cultivation systems used in the
Rashda village (Kato and Iwasaki, 2008; Kato et al., 2010).
The ﬁrst issue is the unsustainability of water. The avail-
ability of water determines the agricultural economic life in
an oasis village like Rashda. It is important to plan the use
and management of water in the oasis region because agricul-
ture is totally dependent on groundwater availability. Thus,
there is a direct relationship between the location of wells
and springs and the extension trend of the cultivated lands.
The second issue is the dependency on the political regime.
The survival of the oasis economy depends largely on the cur-
rent political and economic regime in general. This is because
digging wells and obtaining sufﬁcient water require large sumsFigure 1 Location maof capital and technology, which demand the involvement of
the state and private enterprises in agricultural irrigation.
The third issue is the rational behavior of farmers. The
farmers have developed a cultivation system to suit the natural
conditions, which is characterized by the scarcity of water re-
sources. This point is related to the local cultivation customs
in the village where local farmers have been cultivating crops
in accordance with their experience. In addition they need to
consider the quality of the soil, the availability of capital,
and the quantity of water, before they select the most efﬁcient
method of irrigation.
The main objective of this research is to focus on the land-
use, topography and crop rotation system of the Rashda vil-
lage based on old and recent satellite data (1972–2010).
2. Research site
2.1. Rashda village
Rashda is one of the villages in Markaz El-Dakhla, Wadi
Gedid Governorate located 10 km northwest of Mut Town,
the administrative center of the Dakhla Oasis and its popula-
tion in 2004 was about 5361 (Fig. 1).
2.2. Hydrogeological conditions
The climate of the Dakhla Oasis is characterized as hot and
dry, with a high rate of evaporation, a high level of solar radi-
ation (sunshine), and no rainfall.p of the study area.
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Cretaceous) is the main source of fresh groundwater in the
Egyptian Desert. It consists of a thick section of coarse, clastic
sediments of sandstone and sandy clay, interbedded with shale
and clay beds with an average thickness in the Dakhla Basin of
about 1500 m. The aquifer can be classiﬁed into three hydro-
geological units. The upper unit (upper shallow aquifer) con-
sisting of sandstone intercalated with several clay layers
capped with a shale bed in the north. The second (middle unit),
consisting of shale that forms an aquiclude layer between the
upper and lower conﬁned aquifers. The lower unit consisting
of highly permeable sandstone intercalated with thin clay
lenses.
In the Dakhla Oasis and the Western Desert of Egypt,
groundwater is the main source of water supplies to meet the
water demand for drinking, domestic, and agricultural pur-
poses. New boreholes were drilled and land was reclaimed be-
tween 1982 and 1985, which almost doubled the agricultural
area of the Dakhla Oasis. The water level ranges from 60 to
120 m below the ground surface. The salinity is less than
1000 ppm. Himida (1966a,b) estimated that the deep wells in
Dakhla would stop ﬂowing by 1987. According to Gad et al.
(2011), approximately 13 productive deep wells discharge
about 30,703 m3 day1 and the total cultivated area was about
1397 acres. This has led to a continuous decline in the piezo-
metric head of the groundwater.
Recent increases in population and the agricultural expan-
sion has led to an increase in the amount of water discharged
from the aquifer which currently exceeds the aquifer recharge.
In general, groundwater ﬂows to the north and northeast.
Based on an isotope analysis, Shata et al. (1962) estimated
an age of c. 30,000 years for the groundwater at the Dakhla
Oasis and they concluded that the groundwater found in the
Nubian Sandstone Basin was mainly fossil water.
Groundwater in the Nubian Sandstone Aquifer has been
heavily exploited since 1960. This has led to a decline in the
groundwater level and an increase in the salinity.
In summary, population has grown close to groundwater
wells over the course of many decades, but people will move
to other areas and look for new water supplies when the wells
become dry. Diab (1984) stated that the pressure is greatly re-
duced in the aquifer and most of the springs (Ain) have be-
come dry, although few wells are still ﬂowing. The
geographic extension of villages was either changed very little
or new directions were facilitated for urban expansion. How-
ever, some villages were abandoned due to the drying up of
water sources (springs or wells) or sand dune encroachments.
2.3. Irrigation and cultivation system
Dakhla Oasis mainly depends on groundwater for irrigation.
The highest recorded potentiometric surface of shallow wells
was about 132 m on the eastern side of the Teneida area,
whereas the minimum potentiometric level was 96 m in the
Rashda village. This means that groundwater moves toward
the Rashda village from all directions. The average piezometric
level of deep wells was about 130 m in the Rashda village
(NARSS, 2002).
Data and information were collected from about 70 wells
and springs in the Rashda village. The inhabitants recognized
the following ﬁve types of water sources: government well,local well, investment well, surface spring, and the Roman
spring.
(1) A government well. These wells are generally about
1200 m deep and they are intended to last for 50 years.
There were 12 wells of this type in Rashda.
(2) A local well. They are usually less than or equal to 85 m
deep. This type of well is intended to last for 20 years.
There were 29 wells of this type in Rashda.
(3) An investment well. These wells have a maximum depth
of 500 m and they are intended to last for 20–30 years.
There are nine wells of this type in Rashda.
(4) A spring. The depth of the aquifer does not exceed
120 m. There were about 34 springs of this type. The ﬁrst
one was constructed in 1998.
(5) Roman springs. They have a depth ranging from 85 to
100 m and they are exploited by local farmers. There
are eight springs of this type, but all of them have now
dried up.
The development of wells and their associated cultivated
lands has taken place in the outskirts of the village. The local
wells were mainly constructed near residential areas whereas
newer wells were constructed in the outskirts. This observation
reﬂects the fragility of water resources in Rashda where the
development of cultivated lands corresponds to the location
of wells and springs. Like other villages in the Dakhla Oasis,
the most common crops grown in Rashda are wheat and Egyp-
tian clover during the winter, with rice, maize, and dates in the
summer. Lands attached to governmental wells do not have
palm trees (Kato et al., 2010). Farmers preferred to grow
wheat rather than date palms in the Well No. 3 District be-
cause of water scarcity. The cultivation of date palms requires
an abundance of water and the Well No. 3 District is charac-
terized by a lack of water compared with neighboring private
artisan wells since the 1970s. Another reason for preferring
wheat is to ensure its availability for household consumption.
2.4. Well No. 3 (Bir 3) Irrigation District
The Well No. 3 (Bir 3) Irrigation District is composed of land
irrigated by Well No. 3 (Bir 3) and is located to the northwest
of the Rashda village. The District is divided into three subdis-
tricts; North, South, and West (Fig. 2). Well No. 3 Irrigation
District has an area of 170–180 feddan. The North, South,
and West subdistricts had areas of 65, 65–66, and 55 feddan,
respectively.
Although the area is known as the ‘‘Well No. 3’’ Irrigation
District, there were actually ﬁve wells in this area and they are
all government wells. The ﬁrst well was drilled in this District
in 1959 by an Italian company to a depth of 500 m with an ini-
tial discharge volume of 3600 m3 day1. After the ﬁrst well was
dug in 1959 the Egyptian Government reclaimed the District
for agricultural use in 1962.
The ﬁrst well, Rashda No. 3, dried up in 1995 and four
other wells were drilled: Well No. 3–5 in 1988, Well No. 3–7
in 1999, Well No. 12 in 2004, and Well No. 3–17 in 2008.
The depths of these wells are 831, 530, 1,046, and 739 m,
respectively. The discharge rates at the time of operation were
3,413, 3,413, and 218 m3 day1 for Well No. 3–5, No. 3–7, and
No. 12, respectively.
Figure 2 Location of the Well No. 3 Irrigation District (source: Kato et al., 2010, p.27).
Figure 3 Crop rotation in each district (source: information
collected from an informant in December 2011).
188 H. Kato et al.The extension of cultivated lands around the Well No. 3
District has changed over the past 40 years. Satellite remote
sensing imagery provides an effective tool for monitoring
changes in the extension of cultivated lands, as will be shown
in the next sections.
2.5. Irrigation and cultivation system of Well No. 3 irrigation
district
The winter growing season lasts from October to April. Dur-
ing this season, 22 m3 of water is irrigated to each 1 feddan
of agricultural land every 12 days. While the summer growing
season lasts from May to September. The irrigation interval is
longer during the summer growing season because of the scar-
city of water for irrigation.
The inadequate availability of water during the summer
season means that farmers cultivate only 60% of their land
area. In the summer, 30 m3 of water is required per feddan be-
cause of the hot and dry climate. However, the actual water
distributed is 22 m3, which is the same as during the winter sea-
son. Therefore, many plots remain fallow during the summer
season. This crop rotation role among the three different sub-
districts is maintained in areas irrigated by government wells.
This system has also been in general use in the Nile basin, par-
ticularly when rice cultivation was controlled by the govern-
ment until the 1990s.
3. Materials and methods
3.1. Site investigation research
Rice cultivation requires permanent irrigation and water ﬂows
to other crops must be controlled to avoid the overuse of
water, which means that crop rotation is necessary. One of
the three subdistricts has to cultivate alfalfa (birsim hijazi)for three years, while the other two subdistricts follow the crop
rotation system shown in Fig. 3. The crops cultivated in each
subdistrict are rotated for three years and six months.
Table 1 shows the crop rotation system used over the last
ﬁve years, i.e., 2008–2012. It is important that Egyptian clover
(birsim baladi) is cultivated in the winter to let the soil rest
after rice has been grown in the summer. However, the water
scarcity in recent years means that rice was prohibited and
land was used either as bur (fallow land) or for Egyptian clover
(birsim baladi) cultivation during the rice season.
3.2. Satellite data
For landuse and elevation analysis
1. One Landsat MSS (Multi Spectral Scanner) image (path
191/row 42) acquired in 12 Nov. 1972.
2. Two Landsat TM (Thematic Mapper) images (path 177/
row 42) acquired in 19 Dec. 1988 and 15 Nov. 1984.
Table 1 Crop rotation system over the last ﬁve years (2008–2012) (source: information collected from an informant in December
2011).
North South West
Summer Winter Summer Winter Summer Winter
2012 Fallow land Wheat Rice Alfalfa
2011 Rice Egyptian clover Fallow land Wheat Alfalfa
2010 Fallow land Wheat Alfalfa (instead of rice) Egyptian clover Alfalfa
2009 Fallow land (instead of rice) Egyptian clover Alfalfa & maize Alfalfa Fallow land Wheat
2008 Fallow land Wheat Alfalfa (instead of rice) Alfalfa Rice Egyptian clover
Table 2 Speciﬁcation of Landsat, MSS, TM and ETM+ images (after Lillesand et al., 2004).
Spatial resolution (m) Spectral resolution (lm)
Band Landsat MSS Landsat TM Landsat ETM Landsat MSS Landsat TM Landsat ETM
1 79 30 30 0.45–0.52 0.45–0.515
2 79 30 30 0.5–0.60 0.52–0.60 0.525–0.605
3 79 30 30 0.6–0.7 0.63–0.69 0.63–0.690
4 79 30 30 0.7–0.8 0.76–0.90 0.75–0.90
5 30 30 0.8–1.1 1.55–1.75 1.55–1.75
6 120 60 10.4–12.5 10.40–12.5
7 30 30 2.08–2.35 2.09–2.35
8 – 30 – 0.52–0.90
Note: visible and near infrared (NIR) bands are1–4; middle IR bands are 5 and 7; thermal IR band is 6; and panchromatic band is 8.
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of cultivated lands from 1972 to 1988 in the Rashda village and
around Well No. 3 subdistrict. The time duration from 1972 to
1988 was chosen based on the ﬁrst available satellite image for
this area in 1972 and to validate the cultivated area completed
from the three subdistricts in the 1980s.
1. One SRTM (Shuttle Radar Topography Mission) elevation
data dated in Feb. 2000. It was used to study the variation
of elevation in the different subdistricts. SRTM obtains ele-
vation data to generate the most complete high-resolution
digital topographic database of the earth.
For crop rotation analysis, 108 images of type Landsat – 5/
TM and Landsat – 7/ETM+ (Table 2) were used to detect the
amount of vegetation cover and its condition in the Well No.3
district in the period between 2001 and 2010.
3.3. Land use and elevation
Various standard digital image processing techniques have
been applied to the MSS and TM images to enhance and ex-
tract surface information of land use. These image processing
techniques are summarized in the following steps:
- Geometric correction using ground control points (GCP) to
transform the image to a known georeferencing system.
- Contrast stretching of individual bands to improve the
interpretability of different features.
- A subset from the whole image for the study area from each
band.
- A layer stack to generate a false color composite (FCC)
from bands (4, 3, 2), bands (2, 4, 7) and bands (1, 2, 3, 4,
5 and 7) from the subset image, coded in red, green and
blue color schemes that highlights the geomorphological
features, landuse, vegetation type and water bodies.Automated unsupervised classiﬁcation of the three Landsat
images was applied to identify cultivated areas using the ENVI
4.7 software. The ISODATA unsupervised classiﬁcation tech-
nique was applied that calculates class means evenly distrib-
uted in the data space then iteratively clusters the remaining
pixels using minimum distance techniques. As a ﬁrst iteration
ten classes were used in the classiﬁcation process. These ten
classes were used to enable the software to capture all culti-
vated areas (the main purpose of classiﬁcation) and to delin-
eate the cultivated lands from the non cultivated lands. The
result of this classiﬁcation where then reclassiﬁed into only
two classes (cultivated and uncultivated) using Arc GIS 9.3
software.
The surface terrain of the area was calculated based on the
SRTM data, which was interpolated using the ‘‘Topo to
Raster’’ tool in Arc GIS 9.3.3.4. Crop rotation analysis
The Normalized Difference Vegetation Index (NDVI) provides
a measure of the amount of vegetation on the land surface
(Rouse et al., 1974). In general, higher NDVI values indicate
greater amounts of vegetation. The NDVI can be estimated
from the reﬂectance of bands 3 and 4 (resolution of Bands 3,
4, and 5 = 30 m) using the following formula:
NDVI ¼ q4  q3
q4 þ q3
qk ¼
p  Lk
ESUNk  cos h  dr
where q4 and q3 are the reﬂectance for bands 4 and 3, k is the
band number, Lk is the sensor observed radiance for band k
(W m2 ster1 lm1), ESUNk is the mean solar exoatmospher-
ic irradiance for band k (W m2 ster1 lm1), h is the solar
Figure 4 The North, South, and Western districts in the Well No. 3 Irrigation District (Note) This map is cited from Google Maps.
190 H. Kato et al.incident angle normal to the surface, and dr is the inverse
squared relative distance between the Earth and the Sun.
The Normalized Difference Water Index (NDWI) is a satel-
lite-derived index acquired from the NIR and SWIR reﬂec-
tance, which provides a measure of the amount of water in
vegetation canopies (Gao, 1996). The NDWI is calculated
using the following formula, which is the same as that used
to determine the NDVI:
NDWI ¼ q4  q5
q4 þ q5
where q5 is the reﬂectance for band 5.Figure 5 Extension of cultivated land around Well No. 3 Irrigation
Numbers in the map display the ﬁeld number.The North, South, and West subdistricts in Well No. 3 Dis-
trict were classiﬁed polygonally using the image shown on
Fig. 4 and the averaged NDVI and NDWI values were calcu-
lated for each subdistrict.
4. Results
4.1. Landuse situation in the three subdistricts of the Well No. 3
Irrigation District between 1972 and 1988
The aim of this section is to demonstrate that remote sensing
images can be a useful tool for monitoring changes in theDistrict between 1972 and 1988. (a) 1972 (b) 1984 (c) 1988. Note:
Fig. 5 (continued)
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cultivated lands was investigated in the 1970s and 1980saround Well No. 3 District as a prelude to a more detailed re-
search study in the Rashda village and the Dakhla Oasis.
192 H. Kato et al.Fig. 5(a–c) show the results of the unsupervised classiﬁca-
tion and the extension of cultivated land in Well No. 3 district
relative to Roman springs in 1972, 1984, and 1988. It can be
seen that the northwestern part of the West subdistrict was a
fallow land (bur) in 1972 and 1984, whereas it was cultivated
in 1988. Thus, the West subdistrict was not fully developed un-
til 1988. Table 3 shows changes in the area of cultivated lands
in the Well No. 3 District of the Rashda village between 1972
and 1988. It can be seen that the area of cultivated land in the
South subdistrict and West subdistrict increased by about
12.3% and 12.1%, respectively, between 1972 and 1988. In
contrast, the area of cultivated land in the North subdistrict
decreased by about 8.8% over the same period. These results
about the change in the area of landuse of the three districts
could not have been obtained in such an accurate way using
ﬁled observations and government records only. Remote sens-
ing data provide multitemporal data that are extremely useful
especially in remote areas where the study area represents an
example of them.Table 3 Variation in the area of cultivated land from 1972 to 1988
Year South district North di
m2 Feddan m2
1972 199776.401 49.4 188199.7
1984 221996.407 54.9 170414.1
1988 224617.944 55.5 171743.0
Figure 6 Elevation levels of the three districts. Not4.2. Elevation level and geographical features of the three
subdistricts
The elevation of the three subdistricts was estimated from
SRTM data (Fig. 6). The elevation of the West subdistrict
and South subdistrict was lower than that of the North
subdistrict.
4.3. Crop rotation
Fig. 7 shows the seasonal NDVI variation for each subdistrict
between 2001 and 2010. The solid line represents a 6th order
polynomial equation. The three polynomial lines meet in the
lower right of the ﬁgure. The NDVI value reached its maxi-
mum (about 0.57) around mid-February and it decreased dras-
tically until the end of May in all subdistricts. This is a typical
growth pattern for winter wheat from anthesis to maturity
(Moriondo et al., 2007).in the three subdistricts of Well No. 3 Irrigation District.
strict West district
Feddan m2 Feddan
22 46.5 204516.772 50.5
29 42.1 194743.153 48.1
14 42.4 229079.152 56.6
e: Numbers in the map display the ﬁeld number.
Figure 7 Seasonal variation in the NDVI in each district between 2001 and 2010.
Table 4 Growing conditions in each subdistrict during the
winter season (January to May).
Northern
subdistrict
Southern
subdistrict
Western
subdistrict
2001 s s s
2002 4 4 4
2003 s s ·
2004 s s s
2005 · s s
2006 · · ·
2007 s s ·
2008 s · s
2009 s s s
2010 · · ·
Where: s: indicates good conditions above the solid line, ·: indi-
cates bad conditions below the solid line, 4: indicates uncertainty
due to a lack of data.
Figure 8 Relationship between NDVI and NDWI.
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tern subdistricts during the winter season. The maximum
NDVI value (about 0.57) was low compared with values of
0.7–0.8 found in southern Italy (Moriondo et al., 2007). A sig-
niﬁcant change in the NDVI can be seen among the areas dur-
ing the summer season. After harvesting, some crop types were
planted and cultivated from the beginning of November in the
Southern subdistrict, whereas the land remained fallow in the
North and Western subdistricts. However, the low amplitude
represents some form of cultivation in the Western subdistrict.
The winter wheat planting season begins in about Novem-
ber in the North, South, and Western subdistricts. Fig. 7 showsthat there was a distinct difference in cultivation systems be-
tween the summer and winter seasons. The high irrigation
water volume required for cultivation in the hot and dry sum-
mer climate (Kato et al., 2010) means that fallow or small scale
cultivation is more suitable for the Rashda village in the
Dakhla Oasis in this season.
Table 4 shows the growing conditions in each subdistrict
during the winter season from January to May. The circle indi-
cates good conditions above the solid line in Fig. 7, the cross
indicates bad conditions below the solid line, while the triangle
indicates uncertainty due to a lack of data. The growing
conditions were good in all subdistricts during 2001, 2004,
and 2009, but bad during 2006 and 2010. There were two good
and one bad subdistrict during 2003, 2005, 2007, and 2008.
There were 34 farmers in the Well No. 3 District and each
owned land in the North, South, and Western subdistricts.
194 H. Kato et al.Farmers may have been content to maintain production in at
least two areas when the irrigation water was limited.
Fig. 8 shows the relationship between NDVI and NDWI.
NDWI provides a measure of the amount of water in vegeta-
tion canopies, which is an indicator of water stress. The NDWI
can serve as an index of the irrigation volume if we assume that
the amount of water in vegetation canopies is related to the soil
water content. Based on this assumption, the following can be
concluded from Figs. 7 and 8:
(1) The NDWI value decreased in order in the South, West,
and Northern subdistricts, when the NDVI was <0.45,
even if the NDVI value was the same in Fig. 8. However,
the NDVI decreased in order in the South, North, and
Western subdistricts in Fig. 7. The irrigation level was
higher in the Western subdistrict compared with the
Northern subdistrict, whereas the vegetation amount
in the Western subdistrict was lower than that in the
Northern subdistrict.
(2) The NDWI decreased in order in the North (West)
and Southern subdistricts when the NDVI was >0.45.
In the Southern subdistrict, steady plant growth was
maintained when the irrigation level was lower than that
in other subdistricts. The North and Western subdis-
tricts required more irrigation water to maintain the
same production level as the Southern subdistrict.
Based on these results, the features of each subdistrict may
be represented as follows:
(1) Southern subdistrict: the relationship between the irriga-
tion level and plant production was favorable.
(2) Northern subdistrict: plant production was well main-
tained, although the irrigation level was small compared
with the Southern subdistrict.
(3) Western subdistrict: plant production is low regardless
of the irrigation level, although this was comparatively
large.
5. Conclusions
The objective of this study was to analyze the relationship be-
tween water resources and land use, particularly land use
change and the efﬁciency of using satellite remote sensing data.
We will conclude our study by pointing out some implications
in relation to the three key issues; the unsustainability of water,
political regime effects, and the rational behavior of farmers,
mentioned above in the introduction.
Our ﬁeld survey site was land in the Well No. 3 Irrigation
District, where four of the ﬁve wells used for irrigation had
dried up by 2008. This shows the unsustainability of water in
Rashda, and explains the fact mentioned in Section 4.1 that
the extension of cultivated land was connected to the possible
water distribution.
This also leads to a dependency on the political regime to
sustain the water required for cultivation, since all of the ﬁve
wells in Well No. 3 Irrigation District were government wells,
which are expensive to be dug.
The land in the Well No. 3 Irrigation District was divided
into three subdistricts, which were distributed among farmersbased on the principle of equality by the government after
the completion of the well, whose cost was borne by the
government.
Farmers manage irrigation and cultivation by adapting to
the natural conditions of water and land. They must consider
the quantity of water available, soil type and capacity, and the
availability of capital and labor. All these factors have to be
considered before selecting the most efﬁcient method of culti-
vation, while also promoting local farming customs. This ex-
plains the different productivity of the three subdistricts in
the Well No. 3 Irrigation District, which was discussed in
terms of crop rotation in Section 4.3.
The land use change analysis showed that the extension of
cultivated land was already completed by the 1980s in the
North and Southern subdistricts, after which it spread in the
Western direction. Because the elevation in the Western sub-
district is lower than the wells, irrigation water could be dis-
tributed adequately if the condition of the irrigation channel
is well maintained.
However, the relationship between the irrigation level and
plant production was not favorable in the West compared with
other subdistricts. This may indicate that the distance from the
well had a strong effect on plant production in the Rashda vil-
lage. The cultivated area in the Western subdistrict has been
increasing since the 1970s. The maintenance of irrigation chan-
nels to reduce water loss is important for continuous plant
production.
It is possible that the different productivity of the subdis-
tricts, as shown in the crop rotation analysis, was caused by
several factors, including the land altitude and the distance
from the well, as well as other factors such as soil salinization,
water quality, and social relationships in the village and fami-
lies. However, these subjects will be addressed in future re-
search. The variation in the water level and quality will also
be linked with the pattern of the spread of the cultivated land
in future research.
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